washed free of EGTA and incubated for 30min at 37°C in Hepes-buffered Ringer solution (see Dormer, 1983) . Amylase release was measured after centrifugation and resuspension of acini in fresh medium in the presence or absence of carbamylcholine.
The secretory responses of acini swollen in the absence of EGTA were similar to those of unswollen acini. Thus, the dose-response to carbamylcholine was the same, with a maximum rate of amylase release at 3 pwcarbamylcholine. The maximum degree of stimulation was 551% for unswollen acini and 610% for swollen acini. As shown in Table 1 , treatment ofunswollen acini with IO~M-EGTA for 30min resulted in a decrease in the subsequent response of isolated acini to a submaximal (0.3 p~) or maximal (3 pM) concentration of carbamylcholine. However, when EGTA was incorporated by swelling, the response to 0.3 p~-carbamylcholine was totally blocked and that of 3 p~-carbamylcholine was inhibited by 77%.
This effect was not due to ATP depletion since acini swollen in the presence or absence of EGTA had the same ATP content as unswollen acini. Measurement of total Ca2+ content of swollen acini also showed that EGTA did not result in a lowering of total cell Caz+.
In conclusion, it has been demonstrated that incorporation of a Ca2+ chelator into isolated pancreatic acini inhibits amylase release in response to carbamylcholine with a greater effect being observed at lower doses of agonist. This effect was not due to ATP or total cell Caz+ depletion. These results provide direct evidence that pancreatic enzyme secretion is dependent upon a rise in the cytosolic free Ca2+.
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Stimulation of pancreatic enzyme secretion by cholinergic agents has been shown to be accompanied by a rise in cytosolic free Ca2+ concentration (Dormer, 1983; Ochs et al., 1983) . This rise in intracellular Ca2+ is thought to originate from intracellular stores (Williams, 1980) . Attempts have been made to localize the intracellular store by means of cell fractionation. Dormer & Williams (1981) showed that the microsomal fraction lost calcium during stimulation of enzyme release from mouse pancreatic acini, and suggested that these membranes represent the site of intracellular Caz+ release. Further evidence for the involvement of microsomal membranes in the calcium movements which occur during stimulation of enzyme release was provided by the observations that their calciumtransporting activity was increased when isolated from stimulated acini rather than from controls (Ponnappa & Williams, 1981) . The microsomal fraction is a mixture of membranes from the endoplasmic reticulum, Golgi complex and plasma membrane (Richardson & Dormer, 1983) . A pure rough endoplasmic reticulum fraction has been isolated from the microsomal fraction and when isolated from carbamylcholine-stimulated acini showed an increased rate of Caz+ uptake (Richardson & Dormer, 1984) .
In this study we have measured Ca2+-activated, Mg2+-dependent ATPase activity in the rough endoplasmic reticulum fraction and examined its relationship to the 4sCaa+-tran~port activity. We have also examined the loss of Ca2+ from this fraction during carbamylcholine stimulation and its relationship to the stimulated Ca2+-transport activity.
Rat pancreatic acini were prepared using the method of Williams et al. (1978) with modifications by Dormer (1983) .
The pure rough endoplasmic reticulum fraction was isolated using a discontinuous sucrose gradient (Richardson & Dormer, 1984) .
The Ca2+, Mgz+-ATPase activity was measured by adding membranes to 100mwimidazole, pH6.8 at 37"C, 5m~-MgC1,, 100mwKC1, 0.25~-sucrose, 2m~-azide; 5mwATP. Membranes (50pg) were incubated in this buffer at 37°C for 30min in the presence or absence of 0.7 pM-free Caz+ (prepared using Ca2+ /EGTA buffers). The activated Mga+-ATPase, 45Ca2+ uptake and total Caa+ content of rough endoplasmic reticulum from pancreatic acini Rat pancreatic acini were treated with 3 pfcarbamylcholine for 20min and the endoplasmic reticulum isolated as described. The Caz+-activated Mg2+ ATPase and the ' "az+ uptake activity and total Ca2+ content were measured as described and compared with rough endoplasmic reticulum from control acini ( 8 , rough endoplasmic reticulum isolated from stimulated acini ; 0 , rough endoplasmic reticulum isolated from unstimulated acini). The results are means*S.E.M. for at least four observations. 608th MEETING, KEELE reaction was stopped by the addition of 0.2~-perchloric acid and, after lOmin on ice, the precipitate was centrifuged and the supernatant assayed for phosphate by the method of Lebel et al. (1978) . The * T a 2 + -uptake activity was measured as previously described (Richardson & Dormer, 1984) .
The total Ca2+ content was measured by atomic absorption spectroscopy.
Rough endoplasmic reticulum was isolated from pancreatic acini and its 45Ca2+-uptake activity, Ca2+, Mg2+-ATPase activity and total Ca2+ measured (Fig. 1) . When isolated from unstimulated acini the Ca2+, Mg2+ -ATPase activity was 2.0+0.34nmol of P,/mg of protein per min, the rate of Ca2+ uptake was 24.56+ 1.60nmol of Ca2+/mg of protein per min and the total Ca2+ content in the rough endoplasmic reticulum fraction was 34.0 + 2.60nmol of Ca2+/mg of protein. The affinities of the 45Ca2+-uptake activity and the Ca2+, Mg2+ -ATPase activity for Ca2+ were found to be similar and both were maximal at 0.7phl-free Ca2+.
When rough endoplasmic reticulum was isolated from pancreatic acini treated with carbamylcholine (3 PM) for 20min, the rates of 45Ca2+ transport and CaZ+, MgZ+-ATPase activity were increased but the total Ca2+ content was decreased (Fig. 1) . The 45Ca2+-uptake activity was increased by 28.9%, the Ca2+, Mg2+-ATPase activity was increased by 44.4% and the total Ca2+ content was lowered by 39%. This activation of the 45Ca2+-uptake activity could be mimicked by removal of Ca2+ from the rough endoplasmic reticulum by addition of EGTA (Imhl) to the homogenization medium.
The rough endoplasmic reticulum has both the capacity and the rate of Ca2+ transport to act as a store for Ca2+ or to buffer the changes in Ca2+ concentration which occur during stimulation of secretion (Richardson & Dormer, 1984) . The lower Ca2+ content in the rough endoplasmic reticulum isolated from acini stimulated with carbamylcholine suggests that the rough endoplasmic reticulum could provide the Ca2+ necessary for the stimulation of secretion. The results presented here suggest that the increased rate of Ca2+ transport seen in rough endoplasmic reticulum from stimulated cells is a consequence of the loss of Caz+ from the rough endoplasmic reticulum. 
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During the past 20 years, the insulin secretory mechanism has been subjected to extensive investigation using islets of Langerhans isolated from the body of the pancreas of various species. Recent studies with microdissected or collagenase-isolated rodent islets have highlighted that Ca2+ represents the vital link between the recognition of various nutrients, hormones and drugs and the discharge of insulin from the pancreatic B-cells (Hellman et al., 1979; Herchuelz & Malaisse, 1981 ; Wollheim & Sharp, 1981) . Despite this wealth of information, relatively little is known about the mechanism underlying the defective stimulussecretion coupling of islet-cell tumours. This is partly due to the lack of a suitable animal model and the sporadic incidence of the disease in man which is believed to afflict 1-2 persons per million of the population per annum (Marks & Rose, 1981) . In the present study, the secretory responses in virro of a benign islet-cell tumour from a 60-year-old woman were compared with those of a transplantable radiation-induced rat insulinoma. The results illustrate the suitability of the rat tumour for detailed studies on the nature of the basic secretory defect which appears to stem from disturbances in the regulation of transmembrane Ca2+ fluxes.
A benign islet-cell tumour from the head of the pancreas of a woman with hypoglycaemic episodes, and mature Abbreviation used: Hepes, 4-(2-hydroxyethyl>l-piperazinecthancsulphonic acid.
insulin-secreting tumours propagated in male NEDH rats by serial transplantation (Chick er al., 1977; Flatt et al., 1982) , were tested in uitro. The tumours were excised, chopped into small pieces and cultured either directly (human tumour) or after preparation of isolated cells (rat tumour) in RPMI-I 640 containing 1 1.1 mhl-glucose for 3 days. This period not only eliminated blood cells and necrotic tumour cells but also countered hypoglycaemia in uivo and subsequent isolation trauma. Acute studies of 45Ca uptake and insulin release were performed for 60min at 37°C in Krebs-Hepes buffer containing 2.56m~-*~Ca'+ (7.8Ci/mol), 5g/l albumin and the agents listed in Table 1 . Human tumour pieces were washed with 2mhl-LaC1, to remove extracellular and superficial *'Ca before measurement of radioactivity. Full details of this and other methodology are given elsewhere (Flatt el al., 1980; Flatt & Swanston-Flatt, 1983) . Immunocytochemical staining for islet hormones revealed that the human tumour was composed of insulin-containing cells in an abundant mature fibrous matrix (C. J. Powell, personal communication). The transplantable rat tumour was almost entirely composed of insulin-staining B-cells with small numbers of somatostatin and pancreatic peptide-containing cells.
In normal pancreatic &cells, glucose metabolism is believed to open voltage-dependent Ca2+ channels in the plasma membrane leading to Ca2+ influx, the accumulation of Ca2+ in a critical cytoplasmic pool and the stimulated release of insulin by Ca2+-mediated exocytosis (Hellman et al., 1979; Herchuelz & Malaisse, 1981; Wollheim & Sharp, 1981) . The phosphodiesterase inhibitor theophylline potentiates this process by inhibition of mitochondria1 Ca2+ uptake (Hellman et al., 1980) , whereas diazoxide suppresses insulin release by virtue of inhibition of transmembrane
